The nucleotide sequence of creatine kinase-M (CK-M) cDNA clones has been determined. It includes the entire coding region of 381 amino acids in addition to 5' and 3' untranslated regions. A comparison with a partial sequence from rat CK-M reveals 81% nucleotide sequence homology in the coding region but divergence in the 3' untranslated region. The amino acid sequence is 91% conserved between chicken and rat. Hybridization to RNA immobilized on filters indicates homology between the CK-M 3' untranslated region and additional muscle specific RNA species. The coding region hybridizes only to CK-M RNA.
INTRODUCTION
Creatine kinase (CK) is a particularly tractable enzyme for investigating the regulation of enzyme synthesis and isozyme switching during differentiation. The enzyme is dimeric with two different possible peptide species, M and B, of molecular weight 11,000 and 13,000 daltons respectively. In chickens the BB isozyme is the major species found in brain, gizzard, and heart as well as differentiating myoblast cells but the MM isozyme is confined to skeletal muscle. In contrast, in mammals the mixed dimer, MB, is the predominant isozyme in heart muscle (1) . During myogenesis mononucleate myoblasts fuse to form multinucleate myotubes which are capable of contraction. CK is required for the synthesis of ATP which provides the energy for muscle contraction (2) . During myogenic differentiation CK-MM is induced (3) (4) (5) . The level of the BB isozyme increases transiently and then declines. CK-BB is absent from adult skeletal muscle, but present at a low level in myotubes differentiated in culture. The MM and BB enzymes are antigenically unrelated (1) and share no common tryptic peptide fragments (6) . Therefore, it is intriguing that they catalyze the same reaction and that the M subunits interact with B subunits even from different species (7) . A knowledge of the amino acid sequence of the polypeptide would aid in elucidating these interesting phenomena.
We had earlier reported isolation by molecular cloning of short cDNAs complementary to CK-M mRNA in chicken (8) . We report here the isolation and sequence analysis of larger CK-M cDNA clones of chicken, one of which included the entire coding region as well as 5' and 3' untranslated regions. A comparison between chicken CK-M sequences and the partial sequence of rat reveals considerable homology. The CK-M sequence is homologous to muscle specific 1.1 kb RNA. However, at least part of the CK-M sequence is also homologous to another RNA species which is significantly larger than CK-M mRNA.
MATERIALS & METHODS
cDNA Synthesis and Identification of CK-M cDNA RNA isolation, cDNA synthesis, and transformation were performed as described previously (8) with the following exceptions. Prior to tailing, double stranded cDNA was size-fractionated on a 5-20J sucrose gradient in 10mM
Tris HC1, 1mM EDTA (pH 8.0). Centrifugation was for 13.5 hours at 33,000 rpm in a SW50.1 rotor. Aliquots of each gradient fraction were analyzed on 1.5$ agarose gels and cDNA with an average size of 1.2 to 1.3 kb was precipitated twice with ethanol prior to tailing and transformation of E. coli C600 strain,
SM31.
Six hundred and thirty tetracycline resistant ampicillin sensitive colonies were screened for CK cDNA inserts by Grunsteln-Hogness colony hybridization (9) using the 148 bp insert from plasmid 85C6 as a probe. 85C6
had been previously isolated and characterized as being CK-M specific by Dr.
Charles Ordahl. For use as a probe, 85C6 was digested with Sau3A, labeled with 32p by n i Ck translation (10) and purified using a modification of the crush and soak technique (11) . After labelling, the DNA was electrophoresed on H% acrylamide and the desired band excised with a razor blade and minced.
Approximately 3 volumes of 10X SSPE, 0.1% SDS (1xSSPE = 0.18M NaCl, 1OmM NaPO,,, P H 7.7, 1mM EDTA)were added and the gel pieces soaked overnight at 37°C while shaking. The suspension was filtered through glass wool and used directly as a probe in the colony hybridization.
DNA SEQUENCING
Restriction fragments were subcloned into the M13 phage vectors Mp8 and Mp9 (BRL) or Mpi8 and Mp19 (P.L. Biochemicals) according to the strategy outlined in Figure 1 . Sequencing reactions were performed using the dideoxynucleotide chain termination procedures of Sanger (12) . The removal of NaCl from the reactions reduced compressions on the gel and band sharpness was improved by drying the gels (13 and 50ug/ml wheat germ tRNA (Sigma).
RESULTS

Identification of CK-M cDNA clones
Six hundred and thirty tetracycline resistant ampicillin sensitive colonies obtained from cDNA with an average size of 1.3kb were screened by
Grunstein-Hogness colony hybridization using 32 p labelled insert from CK-M cDNA(85C6) as a probe. Three overlapping clones pCS72, pCSi53, and pCS1i8
were identified with inserts of 385, 1016, and 1110 base pairs, respectively.
A restriction map of these clones are shown in Figure 1 . A fourth clone used in this study, pCS66, harbors an insert of i60bp and had been identified by hybrid-selection and in vitro translation. The 1110 base pair clone, pCS1i8, and the 160 base pair clone, pCS66, were analysed further.
DNA SEQUENCING
Individual restriction fragments were subcloned in opposite orientations into M13mp8 and mp9 or mpi8 and mp19, and used to transfect E. coli JM103.
Sequencing was performed using dideoxy chain termination procedures of , pCS118 Sanger according to the strategy outlined in figure 2 . In order to eliminate any ambiguities the sequence was determined from both strands and overlapping restriction fragments were used to sequence across all the restriction sites used in subcloning. The one exception is the Pstl-EcoRI fragment at the 5' end of clone pCS1i8 which has been sequenced in one direction only. Furthermore, pCS66 which contains predominantly untranslated sequences hybridizes preferentially to the high molecular weight doublet. Finally, the gizzard RNA contains a 1.6 kb species which hybridizes with a CK-B cDNA clone (data not shown). previously (27) (28) (29) . In the case of chick cardiac muscle (29) , a 7S RNA has been identified containing homology with the 3' untranslated regions of myosin light chain and myosin heavy chain. There may be similarities in skeletal muscle.
